Superconducting gravimeters (SG) measure temporal changes of the Earth's gravity field with high accuracy and long term stability. Variations in local water storage components (snow, soil moisture, groundwater, surface water and water stored by vegetation) can have a significant influence on SG measurements and -from a geodetic perspective -add noise to the SG records. At the same time, this hydrological gravity signal can provide substantial information about the quantification of water balances.
Introduction
The interrelation of hydrology and gravity is attracting increasing attention in hydrological and geodetic sciences. From a hydrological perspective, the estimation of water storage and its spatio-temporal variation is important in order to quantify water balances and for effective water use and management. Direct measurements of water storage changes (WSC) are, however, still a challenging task. Gravity observations provide a promising tool. From a geodetic perspective, the local hydrological gravity effect is an interfering signal which adds noise to gravimetric measurements and must therefore be eliminated from the gravity records.
Generally, the hydrological gravity effect is caused by the gravitational attraction of water masses and their variation. The interrelation of WSC and gravity variation is expressed by Newton's law of gravitation and is the basis for ground-based observations with gravimeters as well as for remote sensing carried out by the GRACE satellite mission. In addition to Newton's attraction term, variations of the Earth's gravity field due to the elastic deformation of the Earth's crust caused by the water load have to be taken into account at the global and regional scale (Farrel, 1972) . Bonatz (1967) was the first to study the relationship between hydrology and gravity by simulating the effect of soil moisture on gravity measurements. He concluded that it is not useful, for geodetic applications, to develop gravimeters with higher accuracy because soil moisture can contribute to the gravimetric signal up to 10 µGal and more. Nonetheless, more accurate gravimeters were developed -superconducting gravimeters (SG), for example.
These are relative gravimeters with a measurement resolution of 0.01 µGal but, due to noise of atmospheric or seismic origin, their measurement accuracy decreases and ranges between 0.1 to 1 µGal (Goodkind, 1999; Hinderer et al., 2006) . Damiata and Lee (2006) investigated the relationship between groundwater properties and the gravitational response. They concluded that it is necessary, from the hydrological perspective, to develop inexpensive gravimeters with sub-µGal accuracy. SGs are cost intensive in acquisition and operation, but are state of the art in terms of temporal resolution, stability and accuracy. Hence, they are suitable for studying the interrelationship of hydrology and gravity. For geodetic and hydrological applications, the problem remains that gravimetric records are an integral signal of accelerations of different origins (Earth and ocean tides, mass redistribution in the atmosphere, oceans, polar motion, continental hydrology, etc.). It is therefore still a challenging task to separate the influence of WSC from the rest of the signal.
Generally, gravity variations caused by water storage changes can be represented either by empirical relationships or by a physically-based approach. The empirical relationship is either established using a simple regression between hydrological and gravity data Harnisch et al., 2006a) , or by translating the WSC to gravity changes on the basis of the Bouguer approximation. Within the Bouguer approximation, the water mass change is treated as the change in thickness of an infinitely extended plate (e.g. one meter change in water height causes a change in gravity of 42 µGal). Here, the information on WSC is often derived from precipitation and/or groundwater level measurements (Peter et al., 1995; Bower and Courtier, 1998; Crossley et al., 1998) . The advantage here is that detailed hydrological properties and processes do not have to be considered and the gravity signal can be corrected for the hydrological influence without knowledge of the complex hydrological system. A more physically based approach is the analytical solution of a circular disc to calculate gravity change from WSC in the geometric body (Bonatz, 1967) . Although the spatial distribution of masses can be considered to a certain extent by dividing the cylinder into many disks and nesting different cylinders (Abe et al., 2006) , complex situations cannot be modeled with that method.
Because water masses are highly variable in space and time, emphasis was placed on the development of physically-based 4D models to investigate the hydrological gravity effect (Virtanen, 2001; de Jong and Ros, 2004; Hasan et al., 2006; Hokkanen et al., 2006; Meurers et al., 2006; Van Camp et al., 2006; Naujoks et al., 2007a; Prutkin and Klees, 2007) . The actual model implementation varies depending on the subject of the study. Often, rectangular prisms are used for the abstraction of the topography and the subsurface (Hasan et al., 2006; Kroner et al., 2007) , but spherical segments (Neumeyer et al., 2004) or 3D polygons (TINs) (Hokkanen et al., 2006) can also be used. These models allow for the exact calculation of the gravity signal caused by WSC and for the consideration of the topography and spatial distribution of masses.
The beginnings of these different methods, initially developed in geodesy and applied geophysics, date back to the 1960s. They are mainly used to eliminate the effect of topographic masses on gravity anomalies (terrain correction), to fulfill the boundary condition in determining the Earth's gravitational potential, or for exploring the composition of the upper crust. Nonetheless, computation of hydrologically-induced gravitational effects differs from standard application in terrain correction in terms of variability of density in space and time, in the magnitude of the effect and intended accuracy in the sub μGal range.
Decomposition of masses into rectangular homogeneous prisms is common both in geophysics and in geodesy. This is reflected by the extensive literature on the subject, including Mader (1951) , Nagy (1966) , Kolbenheyer (1967) , Ehrismann (1973) and Forsberg (1984) . An alternative and more general approach is the use of homogeneous polyhedra (see e.g. Rausenberger (1888) , Götze (1976) , Pohanka (1988) and Petrović (1996) ), which tends to be a more efficient method in terms of the relationship between processing time and accuracy (Petrović and Skiba, 2001) . Neglecting the dimensions of the volume elements and assuming the concentration of the mass at a single point is a simple approach, allowing direct application of Newton's law. An intermediate solution is given by MacMillan (1958) , where a series expansion for rectangular homogeneous prisms leads to a modified point mass representation. Especially in the near field, accuracy depends on the distance between the element center and the point of observation and on the element size. Mufti (1973) shows that the MacMillan approach is applicable for terrain corrections at all points with a distance not less than three times the side-length of the corresponding element.
To overcome accuracy limitations in the near field, Klügel and Wziontek (2007) combined an analytical solution with the point-mass equation in a correction model for atmospheric effects on gravimetric time series. In their approach, the mass attraction in the immediate area around the gravimeter is calculated using an analytical expression for cylindrical disks, while the point-mass model is used for more distant areas. The approach of using different models for different areas of influence around a gravimeter was also pursued by Leirião (2007) Some open questions remain regarding 4D modeling of WSC. Firstly, topographic information needed for 4D modeling is generally provided by a Digital Elevation Model (DEM). Its accuracy depends on the data source (topographic map, laser scan, survey) and the resolution. Consequently, the question is: How do topography and the DEM accuracy influence the gravity calculation? The second question is related to the scale. Llubes et al. (2004) concluded that for hydrological effects on gravimeters, it is only necessary to distinguish between the local and global scale. In their study, the influence of the local scale was set roughly to a few kilometers. For local 4D modeling, however, appropriate hydrological data on WSC are vital and therefore more exact knowledge of the radius of influence is needed for proper instrumentation with hydrological measurement devices. As total WSC is usually composed of several water storage components (snow, soil moisture, groundwater, surface water, water stored by vegetation), the question is how the gravitational signal is influenced by each of these storage components and how the radius of influence varies for each component. A final question is whether a planar approximation of the Earth's gravity field is sufficient in the model domain if the local scale is set to a few kilometers.
In this study, an appropriate 4D model is set up to investigate these open questions using the SG at the Geodetic Observatory Wettzell in Germany as an example. The possible maximum influence of all hydrological WSC components is assessed and the influence of real hydrological data on SG measurements is analyzed.
Study area
The study area is the area around the SG, which is located in a small building at the Geodetic Observatory Wettzell, operated by the Federal Agency for Cartography and Geodesy (BKG).
The dual sphere SG CD029 is positioned near ground level and is based on a concrete foundation (Figure 1 ). Accuracy estimates for the SG gravity change recordings are better than 1 µGal and may even reach 0.1 µGal because the station is located in an area with little noise interference. Earlier studies showed that the SG records are influenced by WSC. Based on a simple regression model, Harnisch (2002, 2006b) The geology of the station can be classified into 4 different zones: (1) the soil zone with mainly loamy-sandy brown soils (Cambisols) and with an underlying solifluction layer, (2) the weathered zone mainly out of grus (physically-weathered gneiss), (3) the fractured zone and (4) the basement zone. This classification is based on data from 11 boreholes with a mean depth of 22 m (see Table 1 for a detailed description of the different zones).
The hydrogeological situation is characterized by a highly-variable, complex and unconfined groundwater table with a mean groundwater level of 8 m and a seasonal fluctuation of 3-4 m.
The two surface water bodies, the Höllenstein (storage volume 1.4 km³) and the Blaibacher (storage volume 1.5 km³) reservoir, are located at a distance of 1500 m to 3000 m from the station (Figure 2 ).
Method
The model for simulating the homogeneous elementary body attraction of spatially-distributed WSC is implemented in MATLAB and is based on the MacMillan equation (MacMillan, 1958) presented by Leirião (2007) : the shape of cuboids is considered (Leirião, 2007) . In contrast to the prism approach (Heck and Seitz, 2007) , which solves the volume integral of each body, it is possible to calculate WSC using the MacMillan approach on the basis of matrices, which significantly reduces the calculation time. This is vital for 4D gravity modeling. A nested discretization of the model domain was used to reduce the approximation error of the MacMillan equation in the near field ( Figure 2 ). This error was assessed by comparing the results of the MacMillan approach to the gravity change, which was calculated using an analytical solution of a cylinder with the same mass variation, distance to the sensor, height and volume as in the MacMillan approach.
Nested discretization also makes it possible to use high resolution DEMs in the near field and therefore allows for the consideration of detailed topographic and subsurface structures. Using a higher resolution reduces the step effect resulting from the abstraction of a continuous landscape by raster DEMs. Finally, the nested approach takes into account the fact that data availability for SG studies concerning hydrology is generally better in the immediate vicinity of the SG than at larger distances.
Two DEMs were available for the study area processed to assess the influence of DEM accuracy on gravity modeling: The DEM 10, where only the DGPS points had been excluded and the DEM 25 with the exclusion of the DGPS points and the DEM 10. Finally, the quality of each DEM was assessed by an independent validation set derived during the DGPS survey ( Table 2 ). The positional reference for all data used is the projected coordinate system -Gauss Krüger, Zone 4, Bessel Ellipsoid. The normal heights are given using the DHHN 92 height system. Because all subsequent computations refer to a planar approximation of the Earth's gravity field, the influence of the curvature of the equipotential surfaces was estimated by comparing the heights with a spherical approximation using the equation of Petrahn (2000):
where DEM h is the height of the DEM (m) referring to the plane, R the Earth's radius of around 6370 km and d is the distance of a raster cell to the reference point (m). For example, at a distance of 10 km, the height decreases by about 7.8 m.
In the simulation model, the effect of WSC is calculated by assuming a homogeneous density change in an elementary body. However, WSC in ground, surface and snow water is equivalent to water level changes, meaning that the density change is heterogeneously distributed within each body. This simplification error can be minimized by reducing the layer thickness of the model.
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Possible maximum influence of hydrological masses on the SG sensor was estimated assuming hypothetical maximum changes of different water storages based on real boundary conditions. Therefore, the effect of the SG house was considered in this step, assuming no WSC in the soil and weathered zone and only snow storage change on the roof of the SG house. Mass changes in the subsurface were estimated on the basis of water level change, soil porosity and specific yield (see Table 1 ). The mean depth of the groundwater table was calculated to be 8 ± 3 m based on three groundwater wells 200 m to 300 m away from the SG.
The soil porosity was calculated from the measured bulk density and an assumed particle density of 2650 kg/m³. In the soil zone, porosity was used to estimate the maximum water mass change as soil moisture can range between saturation and a water content close to 0
Vol%. In deeper zones, it is unlikely that the moisture content would decrease to values lower than field capacity. For deeper zones, therefore, the specific yield -the drainable porositywas used to derive the possible change of water masses. For the weathered zone, the specific yield was determined from undisturbed soil probes which were taken at depths between 1.5 m and 6.3 m, and was deduced on the basis of water retention curves (pF curves). For the fractured zone, the specific yield was roughly estimated to be around 3 %. This value was derived from a pump test using the Cooper-Jacob straight line method. According to Rubbert (2008) , the specific yield varies from less than 0.1 % to up to 5 % for the fractured zone (see Table 1 ). The maximum measured snow height in the study area is 0.9 m, and snow density can vary between 50 kg/m³ (freshly fallen snow) and 500 kg/m³ (old snow), so the mean snow density was set at 275 kg/m³. The effect of surface water change in both reservoirs on gravity was assessed by draining them completely, using a stage-storage relationship and starting at their maximum possible water level. Finally, the effect of water stored in the vegetation and intercepted on the vegetation surface was investigated. The interception storage capacity depends on the climate conditions and on the morphology of the vegetation cover and can be about 5 mm (1 mm water corresponds to 1 kg/m²) (Baumgartner and Liebscher, 1996) . During the vegetation period, the water variations in the vegetation were set to 5 mm (Schulz, 2002) .
Maximum water storage change due to vegetation then amounts to up to 10 mm. Groundwater level data were available from a monitoring well located at a distance of 200 m from the SG, where the groundwater data were adjusted to match the mean groundwater depth of 8 m. The specific yield of 5 % for the groundwater was derived by using the average specific yield of the weathered and fractured rock zone (see Table 1 ). Soil moisture was measured close to the station at a depth of 0.5 m with a TRIME sensor (measurement accuracy of ± 4 %). These data were applied to the topsoil layer (0-1 m depth) only.
Variations in snow water storage were derived from precipitation, temperature and snow height data. Gaps in the climate time series have been filled using data from the nearby Höllenstein reservoir climate station. Precipitation and temperature are measured at the Wettzell Observatory climate station. Snow height was derived by interpolating snow heights measured at two different stations around the observatory. The snow water equivalent was determined by considering as snow all precipitation that fell when the temperature was below 0.7 °C, where snowfall takes place only when the snow height measured is greater than zero (input into snow storage). The melted snow water equivalent was calculated using the degree-day method, which is based on the positive daily temperatures (snow storage reduction) (Dyck and Peschke, 1983) . For each day, the total snow storage was derived from the snow storage input and reduction. The snow density was calculated using the storage and height data. The temperature threshold of 0.7 °C and the degree-day factor of 1.1 were calibrated by 
Results and Discussion
A comparison of the nested simulation model and the analytical cylinder solution shows that the difference in the results of both models is below the 0.01 µGal range for the whole area.
This confirms the suitability of the nested simulation model for this study. Using the height correction according to Equation 2 results in a difference of 0.03 µGal in the simulated gravity response for the SG. This implies that the curvature of equipotential surfaces of the gravity field can be neglected in local studies.
Taking the topography into account, a water mass change of one meter (density 1000 kg/m³) causes a gravity change of 52.49 µGal in a quadratic layer with a side length of 20 km, with a vertical distance of the WSC layer of 1 m below the gravimeter (i.e. in the top meter of the soil) and the gravimeter located in the centre of this area. The corresponding spatial distribution of the gravity response is shown in Figure 3 . Gravity response refers to the total gravity signal of the SG that is caused by the assumed water mass change in the model domain. In this context, the spatial distribution of the gravity response refers to the contribution of each elementary body in the model domain to the total SG signal. Figure 3 illustrates that some areas have a negative contribution because they are located at higher elevations than the SG. Note that the spatial distribution in Figure 3 As topography has a significant effect on the gravitational signal, the influence of DEM errors must be assessed. The results obtained with the different DEMs are displayed in Table 3 .
Assuming the same WSC as above, the difference between the results for DEM DGPS and DEM 10 falls within the range of a few µGal, whereas the difference between the results for DEM DGPS and DEM 25 is one magnitude higher and may amount to as much as 20 %. In the near field of the SG, in particular, DEM accuracy has a significant effect. At larger distances, the difference is smaller because the terrain effect weakens (Table 3) and also the topography data basis converges. DEMs with an RMSE of 1 m may still be suitable for gravity modeling when the acceptable error margin is set to 1 µGal and additional local topographic information is available. Similarly, Virtanen (1999) stresses that elevation should be mapped in detail up to a distance of about 200 m from the SG. However, DEMs with higher RMSE such as the DEM 25 are unsuitable for gravity modeling when the focus is on hydrological processes.
In the same context, information on the subsurface structures in the immediate vicinity of the SG has to be considered in the model. As presented in Figure 1 , the SG is placed on a concrete foundation. In the above example, however, we assumed a water mass change of one meter in the topsoil for the entire model domain. When we take the concrete foundation of the SG into account and assume no water mass change in this particular area, the total SG signal decreases markedly by 8.47 µGal to 44.02 µGal. Similarly, the effect of the base plate of the SG building and its umbrella effect -which inhibits infiltration of rainfall into the soilshould be taken into account in the model. Signal generation for the model with real topography is as follows: 80 % (52 %) with R=50 m, 91 % (84 %) with R=500 m and 97 % (93 %) with R=2000 m. This shows that the gravity response does not simply depend on the radius of influence, but is also a function of the mass change distribution over depth and a function of topography. It follows from this that it is important to distinguish between the different water storage components because near-surface mass variations like soil moisture have a smaller sphere of influence than deeper mass changes like groundwater (see Figure 4) .
In the following, we analyze separately the possible maximum effect of WSC on gravimetric observations for the different water storage components. Figure 6 shows the relationship between the gravity response and the WSC in the snow cover, soil moisture and groundwater.
A groundwater table rise of 4 m from 10 to 6 m below the terrain surface over the entire model domain in an aquifer with an average specific yield of 5 %, results in a gravity change of around 10 µGal (lower section of Figure 6 ), whereas this value amounts to 22 µGal for a maximum specific yield of 11 %. The distinct gravity response in this theoretical experiment
indicates that in addition to detailed groundwater level monitoring, precise estimation of the specific yield and of the interface between weathered and fractured zone are also vital for accurate modeling of the effect of groundwater variations. Also, van Camp (2006) pointed out the need for a detailed mapping of subsurface characteristics in combination with the recording of time series.
The unsaturated zone was divided into two layers for this modeling experiment, i.e., into soil (0-2 m) and weathered zone (2-6 m) ( Figure 6 ). This was done not only because of the geologic situation, but also to consider the dominant processes of precipitation, evapotranspiration and drainage in the soil and of drainage in the weathered zone. In the weathered zone, a maximum soil moisture change of 7 ± 4 Vol% causes a gravity response of 17 ± 10 µGal. Water saturation in the topsoil causes a maximum gravity change of 21 ± 2 µGal. Measurements of the topsoil water content, however, show that soil moisture varies between 15 Vol% and 40 Vol%. When translated into gravity change, this results in a value of 12 µGal. The infiltration process can have a significant effect on the gravity signal because saturation and drainage account for mass redistribution in the soil column.
While WSC below the terrain surface generally leads to a gravity increase, snow reduces the gravity because it accumulates mainly above the SG sensor and on the roof of the SG building (top of Figure 6 ). At greater distances, the effect of snow masses is reversed because the SG is located on an elevated mountain ridge and, consequently, snow mass accumulation in the valleys adds to the gravimetric signal. Nonetheless, the highest signal change can be expected during the period of snow melt because the mass redistributes from above to below the sensor due to infiltration of snow melt water into the soil.
The gravitational effects of surface and vegetation water change are below the significance level of the SG recordings. In the unlikely event that both reservoirs are completely drained from maximum storage capacity, a gravity change of 0.19 µGal is calculated. As there are no other major water surface bodies in the study area, the effect of surface water on the SG records can be neglected in future gravity studies at the Wettzell site. However, as shown by Bonatz and Sperling (1995) , water redistribution in surface water bodies may cause a significant gravity response for particular locations. The water storage capacity of vegetation is too small to cause marked gravity changes, which results in a maximum vegetation effect of 0.07 µGal.
When summarizing the above results for the individual water storage components, it follows that local hydrological mass variations can contribute up to 49 µGal to the SG records of the Geodetic Observatory Wettzell, where as much as 64 % of this signal is generated within a radius of 50 m, 90 % within a radius of 500 m, 97 % within a radius of 2000 m and 99 % within a radius of 5000 m. Note that these simulation results were obtained on the basis of parameters that represent the maximum plausible water mass variation in each storage component from a hydrological perspective. In real-world settings, however, it is very unlikely that all the changes will occur at the same time. For example, the annual phases of snow storage or groundwater level variations are frequently shifted in time compared to soil moisture variations (Güntner et al., 2007) . Individual effects therefore compensate for each other in part. Also, maximum water storage change is not expected to occur homogeneously over the entire study area, as assumed here. In addition, other hydrological processes, such as evapotranspiration or groundwater discharge, which may reduce the variation in hydrological storages, are disregarded in the theoretical modeling experiments. As a consequence, the hydrologically-induced gravity response shown here can be considered as an extreme. It might only be observable in long-time records of the SG because of the negative correlation between frequency and intensity of extreme events in hydrology. summer period, groundwater and soil moisture storage were depleted causing a minimum in the gravity signal. The modeled gravity signal shows a reasonable temporal correlation with the gravity residuals of the SG (corrected by tides, earth oscillation, instrument drift and atmospheric pressure). Especially during wet periods, the modeled and measured variations fit well, whereas for dry periods the time series diverge. Apart from the uncertainties due to the processing of the gravity residuals, these differences may have several reasons which are discussed in the following part.
The model based on the observation data is a simplification of the real conditions because WSC are highly variable in space and the sensors installed cannot capture this variability.
With regard to groundwater, the area surrounding the observatory is highly complex due to the undulating topography combined with the geological conditions. Groundwater level measurements in nearby monitoring wells are only weakly correlated and so the assumption that the aquifer is a continuous layer that follows the topography is not valid. The aforementioned result that the modeled and measured series deviate especially during dry periods may be due to the fact that the groundwater well used here is located in a depression while the SG building is built on a ridge. This implies that groundwater below the gravimeter depletes faster while the decrease of the groundwater level at the gauge is delayed due to inflowing water from the surrounding area.
For the calculated soil moisture gravity effect it should be considered that, firstly, in hydrology, soil moisture is regarded as a highly variable parameter in space and time.
Therefore, only one sensor cannot be considered as a representative sample to estimate the soil moisture dynamics and patterns around the SG. Secondly, no information was available on the soil moisture distribution over depth. Finally, apart from soil moisture measurements being influenced by different soil parameters, requiring site-specific calibration for accurate measurements, the results depend on the soil moisture measurement technique itself.
The accuracy of the snow model was not assessed statistically, but it was found to match closely with webcam photos when a visual comparison was made. Snow density, however, could not be validated by this method.
Conclusions
The results indicate that the hydrological effect of local water storage variations has to be considered in high-accuracy studies of gravity monitoring. A nested model discretization is especially useful for investigating the gravity response of SGs caused by WSC. Topography plays an important role in gravity signal modeling. Therefore, not only must topography be included in the model domain, but also DEM accuracy has to be taken into account and, if necessary, DEM uncertainties have to be reduced with supplementary measurements. The exact location of the SG, the surrounding and subsurface structures in the immediate vicinity are vital for calculation of the WSC effect on gravity. With regards to the radius of influence of mass changes on the SG recordings, gravity is not only a function of the distance of mass changes but also depends on the topography and on the distribution of mass changes over depth. For local studies at sites of superconducting gravimeters with current accuracies of about 0.1 to 1 µGal, a limitation of the radius of influence to 1000 m seems to be justified for hydrological mass variations because around 90 % of the signal is generated in this area. The greatest benefits from detailed studies of WSC can be expected within a radius of 50 to 100 m around the SG station. In local studies, the curvature of equipotential surfaces can be neglected.
The results of the modeled gravity effect for theoretical WSC, as well as for real data, lead to the conclusion that groundwater has the largest contribution to the gravity signal, followed by soil moisture and snow; but they may also indicate that until now the influence of WSC in the vadose zone might be underestimated. For the Wettzell Observatory, surface water and WSC in the vegetation cover can be neglected. The two time series of the total modeled gravity signal and the measured gravity residuals show similar seasonal and shorter-term dynamics.
At the same time, several differences exist due to the limited coverage and representativeness of hydrological data, as they do not fully describe the spatio-temporal variations of water storage for the individual components. Apart from temporal changes to the groundwater level, the spatial characterization of the aquifer in terms of porosity and the transition between the weathered and fractured zone are fundamental. Therefore, complementary measurements of groundwater level variations in additional boreholes and the estimation of the physical properties of the borehole cores in combination with geophysical methods are the subjects of ongoing work in the study area.
Soil moisture contributes significantly to the gravitational signal, but is highly variable in space and time. To estimate 4D soil moisture patterns for future analyses, a detailed multisensor soil moisture monitoring system has recently been installed around the SG Wettzell.
The snow effect can account for several µGal, but generally has the reverse effect compared to groundwater or soil moisture. Up to now, the snow storage change is estimated using a simple model, but in future it will be estimated based on direct measurements of the snow water equivalent. Tables   Table 1. 2006 and (b) the gravity residuals measured by the SG and the total sum of the modeled gravity signal with a mean specific storage of 5 % for groundwater. Dotted blue lines are the total sum of the modeled gravity for maximum (11 %) and minimum (1 %) specific storage.
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